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Ahsmc[

C(M_t}n:Ic  m vf)lcmNcctonic  fcdlllrcs  (11:11 m uniqm 10 Venus :Ind m intcrprclul  10 k smtill-sulc

upwcltings.  Arntdcl in wllicl~llpwcllillg  culiscs clcl:ll~li  tl;l[i~)llut  tl]ccclgc t)ltllc pllllt~c  hcficl, along

wilh dcfornmtion  of a prc-cxistillg  dcp]clcd m:llllk I:lycr,  cull prtducc  the ful] range of topc~gr~phic

forms of um)nw.  1( h;ilf or the cor~)n;ic :Irc :iu[ivc, dclmin:l[it)n ()[ the l[~wcr  li(hosphcrc  COLIICI

account for about 10% of Venus’s hut Ic)ss,  will] :tn~)[lk’r  I 5(% duc tc) upwclling.  IMumination

nmy occur in other gcolc)gic cnvirc)nmcnts MCI CX)LIILI  help :lcc[)unt l~w VcmLIs’ hut 1(KS ‘dclkit.’
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lhc  Ii[hosplwrc.  the ctJtllpll[:l[it  jt]:llly-:\llf  J\t’~’(1 {L:lllpL’i:illlt”L!-LlcpL’IIclcl]l  visc{hsily  vdrid[ion  01”104 is

I’(UISCCI  in lhd[ region r:l[hcr  llmn dis[ribuk’d ow’r [hc cn[irc :ucd. 111 s(mlc  tntdcls,  u low density

ldycr {lf mdnllc residuum is includ~d  Iwnc:tth (I]L: lith~)sphcrc,  dnd is :Issun]Ld  lt~ k d result of

prior malting events. A vduc ()( 2(Y7fJ dcplc(ion  t)l” FL: rcl:ltivc  L() Mg is used, cx)nsistcnt  with the

Iorm:l(i(m  (JI u hdsal[ic  crust.

Fc)r the (M1C usc dcscribcd in dct:lil (Fig. 2 :md 3) LIW ini[i:llly 75 km thick lithosphere  thickens

to -195 km OVM the 40(1 my. durutitm ol” the c:llculutic)n  und (Iw m:lntlc  tcmpcraturc  dccrcascs by

-2()0Cllcc:~llsc llc:ltis  ll()tc~)I~litlll(  )Llsly:l(l(l~`~l  t()tl~csystclll.  Acl~:plct~’~l  ]~l:ltltlc  l:tycrcxtcnds  froIt~

tllcstlrfilcc~lolvtlto” 150k111.1’11cl lotrcgioll;lt  tllch:is~:  ~)l`ll]~'  c()1311>llt:iti(  )tl:ll  Cl[)tll:lirl  fccClstllc

plunlcfi)r  140n1.y. I’llcpllllllc  rc:icllcs  tllclitllt)spllcrc:lt - 1(H) my.; the plume t:lil rises for -165

m y .

A(lc)l~lc  (()rl~ls:ls tllcpllll]lc  Llplif[s  tl]~:litl}()spl]  clc(132111. y.)(Figs.2 ,3). Asthcplunwhd

sprtmds (mt und thins the lithosphere, the don]c br~)udcns  :Ind suhsidcs  as lhc plume is shut olY and

begins to cool (196 my.). The lith[)sphcrc thickens tit Lhc edge 01- the plLIn]e hc:l~i as the plume

sprtxds outwwd and dt)wnw:lrd (225 my.). Sinking of [hc lowc’r lith{)sph~’rc,  or dcl:imin:ltion,

pulls the sulfxc  (iownwdld. Dcl:imin:lti(m  is driven illiti:l]iy hy l-low (JI” the plLInm  hc:d md  is

sust:linal  by the density dill’crcncc  hctwecn  Lhc Iith[)sphcrc :~nd m:lntlc.  Viscous !l(w pulls the

dcklmin:lting  lilh~)sphcrc  towdrds lhc cent{’r (246 my.), shit’ting the sul”fi.lcc tr(m.gh. Eventually the

trough mcrg~’s into LI ccntml depression  (27X nl.y. ). 7’lW dcplctcd m:lntlc  I:lycr is pulk’d downward

with thL’ LIumd  lith~)sphcrc’. ‘1’llL’  l~~w~’st topt)grilplliu  p~)illt  is rciic<hcd ~vhc’1] the c’~)ld  Iithosphcuc

pulling Ll[)wnw:lrd IMl:inccs  the 1(JW d~’tlsity d~~plct~d  luyL’I pushin: up~v:)rd (3)4 my.). As the

dcplctd  ILlycr Con[inucs  [() lhiulu’n,  the tt)pogr:iphy stdrts to in~’rcdsc  (324 my.). Ctmtinud

thiclwning  t)l the dL’plL’k_xl  lLlyL’r  c;ILIscs  :1 hrt):id  topogr:lpllic”  ring 10 I’orm :It lhe L’cnlcr  (392 my.).

olhL’r midcl runs with vdrid[i~)ms  in the plun]L’ dnd litht)sph~vic prtlp~’rti~’s  (23) pr~dict

sc)mcwhdt  dil’1’cwnt  [t)pogrdphiu  I’orm.s  (Tilhlc 2). C(mg~’stion  t)l” tlw d~’l:imindting  ring :1s it m(~vcs

inw:ld L.dn dpply d torque ~m tlw ring udwsiny a rim 1(J I’tmn t)ulsid~’ t)l’ dw [rough (griwps 3-6,

-40’1  (~1” u)ron:tc). For d very thick dcplL’tL’d In:lntlc ldyL’r, the ini[i:ll  ~’1’lti~’t when d plume
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vcltwi(y.  The muss  is given hy paA’1’,  \\’hL’rc  p is dw rL_IIUrL’nuc  l]l:ll][lc’  clL’llsi(y  (3300kg/I~13),  ais”
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2); 11. L. Turcot[c,. l.
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7(~S5, ( 1989)).  ‘1’1)11s [hc r:~llgc  (J1’ plLIInL’  dur;ltit)n  w:ls cllt)s~’n  [t) Iw ct)lllpurdblc lt) lh:lt  t)i
lcrrcs[ridl plumes white :Illt)wing l’~w d Idrgc Vdriit[it)n. III (vying [() nl(dL~l plutncs IIUI fit the
c}bscrvcd  r:mgc ~)1” lt)pt~grdphy,  plilllw [~’nlp~’r:l[urc  (dnd IIlus t~uoywlcy) lrdcs ~)1”1 with plume
dura(ion. Aguin, (Iw kvnpcru(urc ()!” [~.rr~’s(ri:ll  plutnc IIL’NCIS  JVIILJI1  (Iwy r(’:ic’h the hmc t)f the
li[hosphcrc  was used :1s :1 guide, with d typi~dl  pLI:Ik  k’mpcrd[urc  fvhcn  lllc plurnc cncxluntcrs
the Ii[ht)sphcrc 01 - I 3000{’” or higl]~’r.

25. TIN !initc  clcnwnt grid is 90 by 90 clcm~tnts;  [h~i I’ini[c di l’lkr~’n~$c  grid h:is twice M m:my
clcmcnts. The clcmcnt sp:~cing is llt)ll-tl]lil”~)l”tl]  [t) give m:lximum rcs(~lu[i~)n in Lhc axial
upwclling  rcgic)n :Ind in the rcgit)n where (Iw plutnc in[~vauts  wi[h (1w lithosphere.  The vertical
normti]  stress :md shear slrcss drc :lssunl~’d  [t) v;lnish ~Jn Ihc b~)llonl  h(mndary  d on (hc
wxticul  oukr b(Jund;Iry  01” [k cylindricu[ d(ml:tin.  Bt~und;iry  ct)ndi[itms :Irc tigid (vtinishing
h[)riz~mt:tl  d wrlicul  vclouity) Ut W lop t)l Lhc cylindric:ll rc’gi(m. TIN surl”xc  :ind interior
tcn]pcrtilurcs  arc S()()”C wd I ~()()”(’, rcspccliv~’iy.  N~mdil”l”using Chunicd  vuridti(ms  wc
c~llculutcd using a p:lrticlc-in-ccli  type mcth(d (K. Jh:I, E. h4. Purmcnticr,  J. Phipps Moqym,
Eflrth Pl~/Hcf. Sci. Lcrr. 125, 221 ( 1994)). More dctuils 01” LIw numcricul  upproxh  arc given in
Smrdur und Pwmcnticr ( 1996) dnd rcl’cr~vlucs  lh~’r~’-in.
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Tc)pogr;lpllic F~mn:l[itm  Mcch;tni,snls
Elclncll[s

lntcri~w  Forms:

Dcmw 1) Uplil”t  by IN)l plume
2) ls~)st~t(ic  uplil”t  ~)~ a dcplck’d  m;mllc  luycr llli~’kcn~’d  by dcl:mlination

Dcprc.ssi(m 1 ) LL\tc stugc isc)s[;l[ic  :l~ljws[nlcnt  t~l’ thinned li[hosphcrc
2) Eur]y sldgc thinning 01” dcplc[~d  mdnllc Idycr
3) Suulion ahovc d~’l:lnlin:l[itlg  ring migrdting towurds in(tti~)r

PklkXILl 1 ) Rd;lx:l[ion 01” d(mc Ubovc cooling”  p]umc

N() Rclid 1 ) Thinning of dcplc[cd lJycIr
2) Finul st:Igc  or thcrm;ll  cquilihu[ion ul”[~’r  plunw ON)lS

Exterior Forms:

[)utcr Rim 1 ) Isos[;ilic rcbt)und  01” dcplck’d  nl;lt~’ri:ll  ut”[cr dcldmin:lting ring
cqu il i brukx

2) Viscoms rcl:lxdion  of pl:IlcJu
3) Cl)ngcslic)n  ot dcl:lminuling ring

Trough 1 ) Sudi(m Uh[)vc dcl;lminu[ing ring

Tablc 2. Ccwom topf)gmphic clcmcn[ I“(ml;lti(m  nl~~c.h:misnls.
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Figure C;lplit)ns

Fig. 1. Pcrsp~Jc[ivc  inl:lgct)l’ldcm  Kuv:icoron:i,” (li:itllcl~’l”280klll.  Thisctm)lul 11:1s u r:liscd rim

tind un inn~’rd~)nlc  ]ikcslruclurc, :lnd is tllc.s~)ltl”c’c  ~)t”scvcl”:lI  ]{mg I:lvd Ilt)ivs. The nluin portion

ofthc  I“r:wlurc  dnnulus Iics oltmg un clcvd(cd ou[crrinl. A p~)r[it)n 01- :In older, ll[Ndcd  :Innulus

cun hc swn  in the l“orL’gIx)und  (middle righ~), tmlsidc the current Lopc)gropllic Iinl. This im:lgc

wus produd  by umlhining  lhc M;lgcllun  rdw imugc und dlimclric ddtu; the valid

c.xaggcr:ltitm  is 10X. The fulsc ct)l[)r is h:iscd on im:lgcs  c~l” lIw surl”ucc rcturnul by Vcncra

lundcrs.

Fig. 2. This figures shows the time cvt)luti[)n  01” lhc k’nlpcr:lturc, uc)nlp~)siti~mfil  und Ilow fields.

Allows indicillc ihc dirccli~m  :IIICI r~’]dtivc n]:lgniludc c)I’ lhc viscxuls  flow. TcnlpL_’I’dlurc  is shown

with u)lc)r,  with blue u)ld ond rcd Ilo[. Whi(c Con(tmrs :Irc al 1 325C’C,  13500C, :lnd 15( N)°C.

Depletion :It 1, 5, find 10% is sI1OWI] will] bl:lck ct)ntours.  l“hu 1 c1 c~)ntour is the lowermost

line.

Fig. 3. Tt)p[)gtiiphy (or the s:lmc (imc s[eps us illustru[cd in Figure 2. Auxnvs tucc the sequence

of time steps. N()(c th:~t the top~)gr:lphy  is rcllcctd  uht)ut  the vcrtic:ll  tixis  t[) shtwn  the entire

prolllc  ticrt)ss the upwcl]ing,  con[r:iry (t) Figure 2 where the ct)lllpll[:l[i(~ll~ll  domain  is shown

with(mt rcllcc [ion.
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